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EPITAXIAL WAFER APPARATUS 

FIELD OF TRB INVENTION 
5 The pinsent ixr^dition pertatos to M- V 86^ 

more specifically to suxiace protection of m-V conqKnmd semiconductor stnictures. 



BACKCmOUND OF THE INVENTION 

Hie prior art in in«V epitaxial wafisr tedmology eoqiloys a aemioonduetor layer as Oe top 

10 layer in a campoxaid semiconductor epitaxial layer stmctnre including, for example OaAs, 
Xai^OasAs, Ini.yGayP, AlioOOsAs, InOaAsP, IhSb etc., dq)cnding on die specific 
device/drcoit application and the particular compound semicanductor substrata. The use of a 
swnicondncting tx»p layen hi prior epitaxial wafisr tedmolpgy results m a semiconductor 
saiftce structure ^ is easily oxidized i^on exposure to the atmosphere, Smcc fhe 

15 oxidization and or oontanunation of flie top byer of tibe semiccnductDr structure occurs 
unmediately and uncontroUably i^on eiqposmg the conqx>und semiconductor wafer to die 
oiQ^gen, water yBpor, l^drocarbons, and odier diemicals hi the atmosphere, the physical and 
electronic propertieB of Ae newty oxidized semiconductor structure are altered hi an 
uncontrollable and m^redictaUe manner* After such contamination and oyfdizBtion, 

20 detrunental electrical and chemical surfiice properties are observed hi oonqKmnd 
semicondoctor structures that have detrimental ^ects on electxonic and optoelectronic 
properties that negatively effect the subsequent device and integrated dreuit performance. 
The degree of conqdication and degradation of a particular device or integrated chcuit is 
subject to die particular dervico/drcuit prooesshig and qiplication. For exan^bft fhe 

25 fihrication and performance of un^ohar Fidd Eflfoct Itansistor devices/drcoits may be 
ddctcriously effected by atmospheric exposm, oxygen or water vapor eaq^osure, or oxygen 
plasma coqposuro^ diat leads to Fend levd phmhig, ami also histabiU^ 
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gato-4Eain regioiis. Since a hijj^ (I^^ 

caoDOt be fanned by processes such as fliennal oxidadon or sur&oe oxidation, tiie fibricaticm 
of useful and stable MOSFFT devices has not heca possible to date in OaAs or InP based 
semicondoctoiB. 

5 UnconttoDable and detrimeolal deotrical and suifice propertieB are caused by diemical 
surfice xeactioos resulting in die foimatioa of native oxides and dangling bonds on 
con^und semiconductor intci&ces. The suiftce is also rendered theonodynamicaUy 
unstable after formation of die native oxide and exhibits a pinned Fomi level More 
specifically, the high OaAs suz&ce reactivity mduces Fenni level pinning and surface 

10 iiMtahility aftgr mirfaca tapoam sm mall m itf T jwigimiira (I LaogmniF-lO^ ToTT). SuifilCe 

preparatian techniques conducted after' exposure to air or o^g^gen inchiding fSKposon to 
compounds and suspensions of sulfiir and selenium, etc. have yielded confound 
semiconductor sur&ces and interboes tliat are unstable and not usefiil m die manufSacturing 
of any type of GaAa integrated circuits and electronic or optodectronio devices. 

IS Odier Prior art» U.S. Pat No. Sp451»S48, entided ^raectnm Beam Deposidon of OalSum 
Oxide Thin Kfansuamg a Single Purity 07StdlAyer"»i 19, 199S, and U.S. Pat 

No. 5,550,089, endded "OaDium Oxide Coadngs fiir Optoeleetronic Devices Using Electron 
Beam Bvq^radon of a High Purity Smgle Crystal Odj QasOu Source", issued Aug. 27, 
1 996, rqxxrted that diemuxtynamicalty stable^ in»V semiconductor surfaces and/or interfices 

20 widi low interftce state density can be fibrieated when a specifio inwilating cap layer is 

deposited ni-aitn on OaAa based semiconductor epitaxial layers using o-beam cv^Kxralion of 

OdbOasOu while maintahihig ultn-hi^ vacuum (UHV). Odier prior art; such as y.S. Pat 

No. 6.030.453. 'm-V Epitaxial Wafisr Production', issued Fd). 29, 2000 reports diat gallmm 

oxide layers on OaAs may be fanned using GaaQi diennaDy eviporated fiom an oxide 

2^ crucible fibrieated fiom BeO and odier oxide materials. However hi our oxperience^ die 

2 
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lesulting films jKmtBiiuiig galUum and oxygen produced &am ftennnl ev^ontion using a 
hig^ tenq)erture efCbsion cdl from 8 BeO cnicible m 
be n iiqnmty and dopant in GaAs dut results in imrdi^ 

drcuits. Ftiitfaennore since the resotting Be cancentration can eocceed lO' W"^, die resulting 
5 gallium oxide layers produced possess residual oondoctivityi and Ous die nsoltittg oxide 
fihns are not insulating in nature and dmacter. A usefidpiotective coating fbrOaAa must be 
free of inqnirities at concentralions below one past in lO^cm''^ and more prefetably 
completely free of impurities at levels below 1 part in lO^'cm'^. F^ennore, tbe resulting 
OaAs/coating interfitce must be fonned at extremely low pressures to limit OaAs sui&ce 

10 exposure to <10-100 Langmuiis of various inpuities while amuHaneous^ preserving the 
OaAa bulk and sw&ce stoicbiometiy. The process described hi boSi patents detailing die 
prior art is not usofiil or maou&etuiable because d&e previously disclosed processes produce 
coatmg layers that are laden widi hxqnirities dut render the subsequent semiconductor 
devices and circuits essentially non-fimctional or unreliable in normal operation. 

15 Iherefiore, it would be hig^y advantageous to provide new mediods of manufacturing such 
conqxmnd semiconductor inswlalnr interfiMS diat overcome die linutations of die prior art 
ft is a purpose of the present innwtion to! provide a new and inoqproved 
production process tkiat includes die placement of a useM protective, non-contaminating and 
• passivating coating on the compound semiconductor snr&ce. 

20 ft is anodier puipose of die present faivention to provide a new and inqnoved m-V epitaxial 
wafrr widi improved stability snd reliability. 

ft is stiU anodier puipose of die present mventian to provide a new and isq^r^ 
which is rehrtively easy to fibrioate and use semiconductor device maniificture in both 
die electronic and qpto-electronic fields. 
25 SUMMARY OF IHB INVENTION 

3 
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The alKyvepnd>kin8 and often are at least 

are realtzfid in a method of coatni^ pretecting, and passivadog suifiice of a conqxnind 
semioonductor wafbr sfnictore wiftimHng ^ steps of providmg s. ccunpound semiconductor 
wafer structure with a sut&ce and fomusig a tiuly insulating cap layer on Ae suifice of a 
5 compound semicondiictor wa&r stnictore by thermal^ evapozatcig insulating material onto 
Ae wafer structure provided that such evqxvation occurs on an utomicaDy clean compound 
semiconductor surfece^ in an ultra high vacuum environment, end using a pol^^ctystalline 
OaiQ} that is placed in a metallic Ir crucible that is clean, outgassc d at temperatures in excess 
of 1700^C in a ultra hi^ vacuum enviramnent and conicaOy shaped using the electro- 
10 forming process. 

In tiiis specific semicomhictor production process^ a suigle-wa&r ispitaxial productian system 
is provided inchiding, loadmg^ tnnsfer, and storage modules widi a m-V growfli diamber 
attached and a second insulator deposition chamber also attached to die centralized transfer 
module. A conqiound semiconductor wafer widi polished sur&ce is placed in the loading 

15 module and the pressure ttcrein is reduced to <10'^ Torr. The oonqxnmd semiconductor 
wafer is moved Orbu^ die transfer module to die m-V growfli chamber where die base 
pressure is below 10*'^ Torr and byers of compound semiconductor material are epitaadally 
grown on the surfeoe of fee confound semiconductor wafer. The oonqpound semiconductor 
wafer is tiiea moved to the transfer module aad feen immediately into fee insulator chamber, 

20 while mamtaining an idtra-hifl^ vacuum envnonment at all tunei. A subsequent insulating 
cap layer is fenned by thermally evi^>orating 0^0) material from an olectrofenned Iridium 
crucible onto fee Ii^ tcq;unost of compound semiconductor structure. This depositiQn 
process is oonvlete when a layer consistfeg of galUum oxygen molecules is produced wife 
hi£^ purity and atomic abnqrtness on fee surfece of the conyound semiconductor. 
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BRIEP DESCRIPTION OF THE FIOURBS 
Re&ning to die figum: 

FIO. 1, iDastrates a 8in^)lified aosB-sectional view of a prior att conqtound senicondQctor 
5 substrate with a ziative oxide fonnation on the 8ur^ 

FIO, 2 illutrates a siiqilified cross-sectional view of a conqiouid semiconductor substrate 
with epitaxial and pq[> layers in ecconlanoe wifli die prssent invenfi 
FIO. 3 illustiates a aingle-wafer epitaxial production system with a centralized transfisr 
module utilized in &bricating the structure of FIO. 2 in accordance with the present 
10 invention; and 

FIO. 4 is aphotograph of die Udhmi melal omcible diat is geoetally of a conical duqpe and 
has one closed end and one open end and has been fibricaled utilizfaig die dectrofomiing 
process. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

15 Referring specifically to FIO. 1, a prior art in*V conqiound Si3ouconductor wafier 10 is 
ilhistiated Wafer 10 inchdea a substrate widi one or more lay^ 
formed on die i^per surfiue diereo£ For purposes of diis disdaiure die aubstrate and aiiy 
^itaxial layers fiumed diemm will be refened to shnply aa a compound semiconductor 
wafer structurOi vdiich in FIO. 1 is 4^sj!\^\f4 12. Conqxsund semiconductor wafer structure 

20 12 has a top layer 13 with an upper surfim 14. Ai^ exposure of compound semiconductor 
wafer structure 12 or top layer 13 to tofyga^ water yspot ot amUent conditions (air, 
processh^g environments, eto.) results in a layer IS of nadve osdde being fenned on die 
surfece. Oeneially, layer IS is very dun, qipraximately 10 angrtiom dddc The hxterfice 
between Usp layer 13 and native oxide layer IS is not atomical^ abnqrt; and is 

25 thermodynamically unstable widi a phinedFemii level 

5 
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A CQmpouod semioondiictor mftr stractme 20 fimned in acoordanco wib Oe present 
inveolioii is illustrated in FIG. 2. Cosqxnmd semicondactor waftr structQic 20 geoenlljr 
mriii^fq y a Qimpmind semiconductor substrate wifii one or more layers of HI-V material 
epitaxially formed on the upper sur&ce tiiereo^ hereafter dcirignatfld 22. Compound 

s semiconductor wafer stiuetnre 20 laa a top layer 23 widi an upper sorfim 24. It will of 
course be imdecstood diat in aome spedfio qplicatians (or on some portions of conqxnmd 
semiconductor waftr structure 20) here may be no epitaxial layers present on the substrate 
and upper snr&ce 24 may sinq;>ly >c the ipper surfiice of the substrate. An insuladng cap 
Iflygr in tha rmftlly avtyftTftted mi n mnfusA 7A of conyound semiconductor wafer stiucture 

10 20. 

. Turning now to FIO. 3, a single-wi fir epitaxial production i^ysteiri 30 ia illu8ttated» which is 
udlized in fibricaling oonqjioiiad s( miconductor wafer structure 20 of FIO. 2 hi aoeordance 
widi die present invention. Systeui 30 hicludes a loading module 33, transfer module 32, 
storage module 34, a m-V growt i dumber 3S attached to transfer module 33» and an 
15 insulator chamber 38 attached to t le transfer module 33. Each of duunbers 35 and 38 are 
attached to transfer and load modu e 33 ao Oat wafers, ch^ etc can be processed in eadi 
chamber wifliout removing dw waf( n, diq)S, etc. fir^ 

system 30. Therefore, once a wafer is introduced into system 30 and a vacuum is drawn, the 
wafer is not subjected to die ambimt environment or oxygen exposure until die process is 

20 completed. Thia, as an exanqple of a process of protecdng die surfece of a oosqwund 
semiconductor wafer structure in accordance widi die present invention, a oonQiound 
semiconductor wafer is placed in loading module 31 and die pressure in loading module 3 1 is 
reduced to <10^ Tor. The wafer ii thenmovedbdo the transfer module ixdiere die pressure 
is reduced to < 10^ Torr, and dun nto die m-y growdi chandler 35 where tte 

25 ia <10''^ Torr and one or more la] m of conqxnmd semiconductor material are epitaxial^ 
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grown on die sm&oe to luoduoe a < KmqK)uiul 8e^ 

semiconductor waibr stnictuce 20). Ate the gnmlfa of top li^er 23, oonfxnmd 
semicondnctor wafer structure 20 is moved to transfer module 33 and flien to insulator 
chambo* 38 while maintaining pretsuies below SxlO'^^ Totr. Widiin insulator chamber 38, 
5 in8uIatingc^pIa]w25isiQnnado3i8uifice24ofeo^^ 

20 by tfaeonaUy evipoialing OmQi material from an electroiEbnnod Ir cradble onto wafisr 
structure \ 20. 

In a prefeired ttnbodiment of die nocess, mg»ifttiiig cap layer 25 is thermally gvwporatgd 
onto sur&ce 24 of waier structure 210 ftat is first formed in an atomicaily abrupt mat^^ jn 

10 die ni-V giowfli chamber 3S by f lennally evaporating gallium oxide molmilM fiom an 
effiision cell using a tfaecmal evap< ration source in a metallic hr crucible that ia generally 
conical in shape and has been fifari sated using die electrofhzming process. The evaporation 
source may be pure O^Oa or may b » composed of one of several GaaO^ + rare eardi element 
compounds or mixtures. In a second prefened embodhiiftnt the mirfiic^ ftn tAii^g und pr>tfictiqn 

15 layer dut consists of primarily of gillhunandoKgcnconipoundswouldbelbrmedfiomdie 
evqioration of cryatalHne gadolnuun gallium garnet (GaiGcbOi;) fiom an dectro&med Ir 
crucible. The metallic Ir cnidble is jenerally of a conical duqw, having one closed cod and 
oneqpoi end and is ftbricated using die electroforming process or diemical vqx)r deposition 
processes fimiliar to diose skilled m die art The crucible and effiision celi are fiirdier 

U) positioned in the iiisulatofchainbflri a cloaB proximity to 

such dut measurable depositian ijates of gallium oai^^ layers are adiieved on die. 
con^iound se m ic ondu ctor structure 1 1 thermal evaporation temperatures below 1650^0 at die 
cnidble. The deposition rate of 0Mb onto die confound semiconductor structure under the 
most preferable conditions is approxi nately 0.01 to 0.02 angstroms per second. 
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After AodeiNisitioa of an iDSulativ C9 10 
flng^rtmmg of gftMinm tarygen molfl ailea the compound semiconductor waftr stmctare 20 is 
protected from exposure to ambien ; conditions and contamination until insnlating cap layer 
25 is removed. Because fagtiiattng c q> layer 25 is fbrmed in system 30 of FIO. 3 , the stmctare 

5 or epitaxial layers are never snbjeGtod to ambient conditions and flie intei&ce between the 
substrate or qiitaxial liters and iisulating cap liyer 25 is fliennod^ynamical^ std>le wifli 
excdient electrical properties. In tl e specific example of a confound semiconductor wafer' 
structure with a OaAs sur&oe and a laya of oxide deposited thereon, the GaAs-GaiOj 
inter&ce exhibits abruptness with n a single atomic laya and Uie oxide has a sux&ce 

10 roughness ^0 angstom (nns). Ah it has been fiyund Ifaat diere is excellent unifoimit/ of 
mterfiBice state density over a fibiicated wafer. The tateifim state density is in general 
con^wrable or better tiian prior art i ensities (10^^ cm"^ eV^). 

The diermally evi^rated insulatiig layer on the wafer structure of the disdosed process 
replaces the exposed semiconducttir suffice of prior ait q;>itaxial products and tfie buried 

15 epitaxial semiconduictor suifice is electrically and chemically stable and exhibits excellent 
electrical properties. Thus, die hxqnoved conq[)ound semiconductor wafer structure fibricated 
in accordance with the novel suibce protection process has the following advantages: 
excellent electrical and diemical piopestles, passivation and protection of the semiconductor 
^iliQrer structure and devices/drcu ts formed herein; stability of the excellent electronic and 

20 chemical suffice properties of di> semiconductor q;»ilayer structure and devices/circuits 
formed Oiaeh); sfaq>lification of levioe/cbeuh processm^ inqnoved reproducibility and 
reliability of devices/circuits; and essential parts of the semiconductor surfice are not 
eaqwsed during processings preserv og dectronic pasdvation. 

These impro vonents essentiaUy sol ^e or overcome die problems of die prior art, sudi as poor 
25 reliability, dc decttical instability, and dectdcd faystetisis, and Oerefore provide a highly 
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manu&ctunble pnom. WhQe we 
present invcDlion, finfhermodifica^ons 
art We desire it to be tmdeistood, 
forms shown and we intend in die 
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have shown and described apedfic embodiments of the 
and hqaovements will occur to those skilled in die 
therefore, fhat this mvoiti on is not limited to die particular 
iq;ypeoded ^lairfift to cover all modifications that do not 



depart fiom Ad spirit and scope of t US mventioa 
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WbatisdaimBd: 



L Amediodofcoatzng&esQr&ceofaoonqxraQdseim 

protective and passivating layer Mmsistiag primarily of gallium and oxygon moleeoles in 
a layer inchidiog die steps o£ 

a. prnviMin g ft ftompoiind flcmii mdnetor Bubstiate wilh compound semicandurtor 
qritaxial structure widi a sa bee; 

b. p nintinm'ng « rryatallinft, hig li purity GteOt dvqxnation soittce oonsisdng essentially 
of ooly GaaO) placed into a netallie Iridium cracible Oat is generally of a conical 
sh^ wifli dee open end ani one dosed end wliere said cnicible has been ft briCT^ 

electrofonning or ( ihemical vapor deposition process; 

0. forming a gdUum oxygen Ifl/er on die surfiaceofdiewafbr structure by 
evaporating gallium oodde n oleeules ftom die oystallin^ 
evaporation source onto the jurfiwe of die compound semiconductor wafer structure. 



2. A meOodofpralBcting the surf tee ofa semiconductor wafer oonvriaing^ 

a. pmv lHmg ft f In g lfl-wflfer epi teifll pipductjon system inchiding a loading module, 
trnngfw TnnAilg^ gtorftgfl mo faile, md unloading module wifli both a III*V gtowdi 
chamber attached and an im ulator dqKisidon chamber attached to said transfer 
module; 

b. providing a compound semi xmductorsidistrate with a sur&ce; 

c. r ^'^^S ^ ywwprwmti Rgmii snnductof fluhatrale in die loading module; 
d reducing the pessure in die loading module below 10*^ Ton; 
e. movmg said wafer dsou^ he transfix modde in die in-Vdq^sM 
£ redachig die pressure hi sail ini-VdspoddonchandMr to <l(r'^ Torn 

g. qiitaxially growing layers g f compound senuconduotor material on die Si i r faoe of the 
compound semioonductor ^ aftr; 

h. moving die compound semi conductor wafer to die transfer and load module and fli^ 
to die msulator chamber; 

L pftfli tinnfag ^ crystalline, hi] ^ purity Ga^CX evaporation source consisting essentially 
of only OaiO) placed hto a metallic Iridhsn cnicOite diat is generally of a co^^ 
shq^ widi one <9en end ao 1 one dosed end where said crucible baa been fibricated 
iiftw^ die dectroformix^g or diemicd vapor dqxisition]ffocess; 

10 
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IS 



20 



25 



30 



35 



40 



j. fomiiagagalfiumoi^ealayCTonthesuz&oeofdiewa&r^^ 

ftyttp^rafwi g jtil imri mdft m Jegnleg ftom fte gystallinio^ hlg^ purity OaaQi 
evapGialion souice oatD I nr&ce of ocmq^^^ 

L fA""«"g An inmilfliing cqp Iflj gr by thmmally ev^KMBting gallium oxide molecules 
fixmi fhe oystalline^ hij^ pu ity OaaOi evaporation sou^ 
conqniund semiconductor m itoial; 

L moving said conipQund spmi Kmductor structure to the insul afor chamber throng tfie 
transfer chamber to the unloi ding module. 



3. AmeOodofpiotectingdiesurfijceofasendi 
wherein die step of providing thi 
conyxnind semiconductor wafer 



4. 



5. 



6. 



A method of protecting tiie surfi ce of a semiconductor wafer as claimed in claim 2 

whernn the stq) of providing dit 
compound semioonductor 



wafisc|of hidhmiphosphide (InP). 

of a conqxnmd semiconductor wafer structure as claimed 
liconductor wa&r structu 
a semiconductor device 



A method of coating the surface 

in r>^> 1 wherein die step of poviding&e compound semiconductor wa&r structure 
mchides pn)vidmg a con^Knmd Bemiconductor wafer with 
formed tiiereon. 



A meAod of coating die 
in claun 6 wherein &6 step of pi 
includes providing a confound 
circuit fiumed fliereon* 



A mediod of coating the sur&cc 
in claim I wherefai &o step of pj»i1 
source mchidesuskg a pure 
having one closed end aud one 
process. 



8. 



indaiml 

source bohides podtiomag 



9. Ametfaodofooatbgthesurficf 
flie step of providing fiio eonspc und 
semiconductor waftr of gaOhm -arsenide. 



45 10. A method of protecting die 

gadolinium galUum garnet OaijOdsOi 
oxide molecules. 



[conductor w[afer as claimed in claim 2 
confound semiconductor wafer includes providing a 
of gfdlium'^arBenide (OaAs). 



surfieicc of a ooapomi semiconductor wafer structure as claimed 
\] oviding Ae coaqpound semiconductor wa&r structure 
semiccmdnctor wafer widi a semioonductor integrated 



of a compound semiconductor wafer structure as claimed 
itiomng a crystallini^ hig}i purity GaaOj evaporation 
iridhmi cnidbte Oat is generally of a conical 
^pen end and has been fiAricated using flie electn>forming 



mc tallic 



:er structure as clahned 
^itomn die step of pbsitionhig a qystalHne, hi^ pmty Oa^Os evqKoation 
Oe netallic iridhnn cnicible in an efinsion cell 



ofasemiconductt^wafSBT as claimed in claim 1 wherein 
semicondttctor waftr mcludes providing a confound 



nirfim as clahned m clahn 2, ^^serein ciystaUitte 
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